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Changes i n t he mic r ostructu re of peanut 
(Arachis~ L. cv. Florigian t) cot y ledon aft er 
roasting at a t emper ature of 160°C for 16 minu t es 
were investigated with t ran smission and scanning 
e lec t ron microscopy. Ther mal modification s wer e 
documented with photomicrographs of t he cy t oplasm ic 
network , prot ein bodies, s t arch grai ns and cell - t o-
cell junctions after oven roasting. These t hermal 
modifications include d isruption of t he cy toplasmic 
network, d i s tension of protein bodies, decreased stain 
affinity o f s t arch grains , and di s i nt egrat ion of middle 
lamell ae in some cell - t o- cell junction s . 
*Paper number 12559 of t he Jou rnal Se ries of t he 
North Caroli na Agricul t ure Research Serv ice, Ra le igh, 
NC . The u se of t rade names i n t his publication does 
not imply endor sement by Nor th Carolina Agriculture 
Research St!rv ice of t he product s named, nor cri ti -
c ism of s imilar ones not mentioned. 
In itia l paper received February 18 , 1990 
Manusc ript received June 4 , 1990 
Direc t in qu iries t o C.T. Young 
Telephone number: 919 737 2964 
Key Wo r ds: Fixation, t hermal modification, peanut s, 
scanning e lectron microscopy, t ran smission e lec t ron 
microscop y, st a r c h , prot ein , s t aining. 
In t roduc tion 
Observation of t he changes in t he mi crostruc-
ture of peanut cot yl edons after oven r oasting enables 
investigators t o u nders t and the r mal modification s 
t hat occur du ring roasting. Young an d Schadel 
( 1990) fi r s t noted t hermal modifications of oven 
r oast ed peanu t coty ledon s microst ructure u s ing light 
a n d scann ing e lectron microscopy (SEM) . The pur-
pose of the present s tudy was t o use t ransmission 
e lec t ron mi croscopy (TEM) in conjunc tion with SEM 
t o achieve a greater resolu tion of the thermal modi -
fications of peanut cot y ledon microst ruc t ure after 
oven roasting . 
Ma t eria l s an d Methods 
Fixa t ion Methodology 
Cot yledons of peanu t s (Arachi s hypogaea L. cv. 
Florigiant ) were ob t a ined from t he lidewater Re -
search St a tton, Suffolk , VA. Raw peanut cot yledons 
with in t ac t skins were roast ed i n a hot a i r oven a t 
160°C for 16 minut es. Bot h raw and roast ed peanut 
cot yledons were t hen prepared for TEM an d SEI\1. 
Ti ssue b locks (1 mm3) of ou ter surface epidermis, 
mid - region par enchyma, and i nner s u rface epidermis 
were cut from both t he r aw and roast ed peanut 
cot y ledons and fi xed i n a Karnovsky's (1965) fixa tive 
as modified by Young and Schadel (1989) . Our modi -
fied fixative was p repared by mix ing 25 mL of 8% 
formaldehyde, 3.6 mL of 70% glu t araldehyde and 28.6 
mL of 0.1 M sodium phosphat e buffer (her einafter 
referred t o as buffer ) . The pH of t he mix tu r e was 
adjus t ed t o 7 .0 . The tissue b locks were fixed under 
vacuum for 30 minutes a t 23°C and t hen fixed a t 
a t mospheric pressure for 48 hou rs a t 4°C . Following 
a 24 hour wash in 6 changes of 0 . 1 M buffer (4 °C, 
p H 7 .0), t he ma t;erial was post - fixed for one hour i n 
1% osmium t e t rox ide in cold 0. 1 M buffer. Aft er 
post -fixation, t he material was washed fo r 30 minu t es 
i n 0.1 M buffer (4°C pH 7 .0) and dehydrated a t room 
temperature in a graded series of aqueous e t hanol 
(10 , 25, 50, 75, and 95%) and t hen fi nally i n absolu t e 
e t hanol . 
Preparation for TE M 
Dehydrat ed tissue was embedded in Spu rr's resi n 
us ing t he methodology of Spu r r ( 1969 ) fo r long pot -
li fe resi n. Ultra thin sec t ions cut u s ing a Re ichert 
ult ramicrot ome were s t ained with 4 .0 % uran y l ace -
t a t e for 1 hour , fo llowed by 0.4% lead c itra t e for 4 
minutes . Sections wer e examined with a JEOL 1005 
TEM. 
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Figures 1 and 2. Scanning electron micrographs of cross -sections of parenchyma cell s in the mid region of 
raw (Fig. 1) and oven roasted (Fig. 2) peanut cotyledons. Fig. 1 shows the cytoplasmic network (arrows) sur -
rounding the storage reserve bodies of protein and starch, and the spaces once occupied by lipid bodies be -
fore removal of the lipid bodies by alcohol during specimen dehydration. Fig. 2 shows the loss of cellular 
organization and the absence of cytoplasm along the periphery of the cells (arrows). 
Bars= 2 micrometers (Fig. 1) and 10 micrometers (Fig. 2) , 
Preparation for Scanning Electron Microscopy (SEM) 
Dehydrated tissue was crthcal pomt drted tn a 
Tousimis PVT - 3B unit using liquid COz. Subsequent-
ly, the dried sections were mounted on aluminum 
specimen stubs with double -sided tape and silver 
conducting paint. Prepared stubs were coated with 
30 nm gold-palladium alloy at room temperature in a 
Hummer V sputter coater fitted with a Technics Dig -
ital Thickness Monitor. Specimens were viewed with 
a Philips 505T SEM at a working distance of 15 mm 
and an accelerating voltage of 15 kV. 
Results and Discussion 
The majority of peanut cotyledonary tissue is 
made up of purenchymal cells. The major subcellular 
organelles of these parenchymal cells are lipid 
bodies, protien bodies and starch grains surrounded 
by a cytoplasmic network. With SEM, the cytoplas -
mic network can be observed to surround the almost 
spherical protein bodies, starch grains and spaces 
once occupied by lipid bodies before removal of the 
lipid bodies by alcohol dehydration during specimen 
preparat ion (Fig . 1). However, protein bodies and 
starch grains cannot be distinguished from one an -
other with SEM since both of these organelles ap -
pear as indistinguishable smooth spheres. The use of 
SE M in observing the microstructure of parenchymal 
cells from oven roasted cotyledons (Fig. 2) is even 
more limited because oven roasting has disrupted the 
cytoplasmic network and distended protein bodies and 
starch grains. Therefore the use of TE M, in addition 
to SEM, is necessary to achieve a more thorough 
underst anding of the thermal modifi cations of peanut 
cotyledonary microstructure after roasting . 
When viewed with TEM, the cell - to-cell junc -
tions are characterized by a distinct middle lamella 
(Fig. 3) existing between parenchymal cells of raw 
peanuts. After oven roasting some of these middle 
lamella (Fig. 4) separat e as a result of thermal 
modifications which occur primarily within the firs t 
mm of tissue beneath the rounded outer cotyledon 
surface . In the raw cotyledon, the protein bodies 
are almost circular in outline and are surrounded by 
numerous lipid body membranes (Fig. 5). The elec -
tron dense protein bodies have a grainy appearance 
which is distinct from the smooth appearance of 
electron dense starch grains. Aft er oven roasting 
the protein bodies are distended (Fig . 6), In the raw 
cotyledon, t he starch grains appear compact and 
electron dense, and the cytoplasmic network is intact 
(Fig. 7). After oven roasting, the starch grains have 
some electron transparent regions and cytoplasmic 
network has been disrupted (Fig. 8) . In the raw 
peanut cotyledon, the cytoplasmic network 
Figures 3- 8. Transmission electron micrographs of: 
Fig. 3. A cross -section of a cell-to-cell junction of 
parenchymal cells in a raw peanut cotyledon. Note 
the distinct middle lamella (arrow) . 
Fig. 4. A cross ~section of a cell -to- cell junction of 
parenchymal cells in an oven roasted peanut cotyle-
don. Observe that thermal modification has caused 
the cell walls to separate along the middle lamella 
(arrow). 
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Fig. 5. A protein body (P) surrounded by the cyto~ 
plasmic network within a raw peanut cotyledon. 
Note that the electron dense protein body is almost 
circular in outline and has a grainy appearance. 
Fig. 6 . A protein body (P) within an oven roasted 
peanut cotyledon . No t e that the thermal modifica~ 
tion has caused the protein body to become 
distended. 
Fig. 7 . A cross-section of a starch grain (ST) within 
a raw peanut cotyledon. Note the electron dense 
nature (arrow) of the starch grain and the continu-
ous cytoplasmic network (points). 
Fig . 8, A cross-section of a starch grain (ST) 
adjacent to disrupted cyt oplasm (large arrows) within 
an oven roasted peanut cotyledon . Observe the 
electron transparent nature of some regions of the 
starch grains (small arrows). 
SEM / TEM of Peanut Cotyledon after Roasting 
Bars= 0.5 (Figs. 3, 7 and 8) , 0.25 (Figs. 4 and 6) and 0.75 (Fig. 5) micromet ers. 
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Figures 9 and 10 . Transmission electron mic rographs of: 
Fig. 9. A c ross -section of a parenchyma cell in a raw peanut c oty ledon. No t e tha t the cytoplasmic 
network is continuous (arrows ) . Bar = 0. 75 mic rometers. 
Fig. 10 . A cross-section of the disrupted cytoplasmic network (arrow) a dj acent t o a protein body (P) in 
an oven roas ted peanut cot y ledon . Bar = 0 .75 micrometers. 
surrounding the lipid body membranes (Fig. 9) is 
continuous. After oven roasting , the heat has 
disrup t ed the cytoplasmic network (Fig. 10). 
In summary, observations with TEM, in conj unc-
tion with SEM, reveal t hat oven roast ed peanut 
c oty ledon ary parenchymal cell s possess the fo llowing 
c ha r acteristics as a result of thermal modifica tion : 
(1) s o me cell wall separations primarily 
within t he first mm of tissue beneath the 
r ounded outer cot y ledon su r face, 
(2) d i s tended protein bodies, 
(3) s t arch grains with decreased s t ain 
affinity, a nd 
( 4) d i s ruption of the cy topl asm i c 
network. 
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